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The Integration of Capture and PCB
Designer

« Capture to OrCAD PCB :
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Front to Back Flow

* Netlist is Enough?!
How about Rules,”Guideline & Design Intend

K3/ Allegro Design Entry CIS

Fle Edit View Flace Maoo Accessories Options Window Hefp

F§ OrCAD PCB Designer Professional: module4_teamdesign.brd Project: C: fuww_training

[E=REERT)

Ele
Help

Edit View

Add Display Setup Shape Logic Place Route Analyze

Manufacture Tools

adlink skill

Graser\'WARE
cadence

DEH 8

= (] Design Resources
=t \busblock,dsn

JommpT2zzzaPe | GG QB

A

BUSBLOCK
B Benchm
B eacet
B pacez

23 Design Cach
=0 Lbrary
Ciy_sals|al

FRERRERE]
pshiqrt dat !!!!!3!3
pstchip.dat
BUISELOCK_CORE
psbinetdat
psbirt dat
pstchip.dat
pintview.dat
netyiew.dat
funciiew.dat

compiiew,dat
busblack,swp

™1 Referenced Projects ¥
>

<

JLAIILLR LRLLUR RO L A

b e dids 0 %

P AHEAQ ] ] Qi oM

da
&8

iof g

doneDREO0 = =% i@ -

— igh R s @ & 00

= Options B oax|
I
Agtive Class and Subclass: 3
Package Geometry -
9] [ Ascembly_Top =
= Visibility v x|

Wigws: -

Laver Etch Via Pin Drc Al
Conductors C e
Planes [ il ) Y
Top EEREDF =
Pur_2 o] (] (m] T
Sig_3H OEODOM
Sig_4v EEEDM
Grd_5 LI T/
x [Dpering existing design... x Sig_EH EEQO
+ Doering g devon - N sig 7 OEAOF
P T o o e e i, 2 fin 8 N
& camnands = Pr 3 wmmEr
[idle I [ Assembly Top | 416400877400 | PJ[A]f [ | Hore = T Tfﬂ-\’: -T_




Constraint Management

+ fi¢Schematic + PCB - S| %I &% #Constraints &
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Properties in Capture

i¥ Allegro Design Entry CIS - [Froperiy Edifor]

—| File Edit ¥iew Options Window Help cadence - =
g = &
I [ Mew Bow... ] [ Apply ] [Displa_l,l...] [ Delete Property ] Filter by | Cadence-dllegro w Help I
< Current properties » A
A Actel-Dezigner Part/Met Properties -
+ SCHEMATIC1:B: U9 Allegro_SignalFlow_FRouting
Altera-tae+PLUS 1| Part Properties
ALT_SYMBOLS h : .
_ I:F, T
BOM_IGHORE ' LatoelRigse &T440K DunaroieMago Rropertiss ..., :
CLASS Ladence-allegro: i
CQMPOHEHT_‘M‘EIGHT ooooo.o.oo.oooooooooooooo.oo'ooooooooooooo.-... X xx
CURRENT Lattice-ispEXFERT Compiler Part/Met Properties
DENSE_COMPONENT ETE:QE%EE?EFDU”EIW Fart/Met Properties
Designator Orcad-Layout
DEVICE Orcad-PSpice
DEVICE_LABEL gynp:ici:}' gP”P:i;P ft"‘?%“‘“e?f.
wrplicity-Synplifp Actel Specific
LAl Srlals Jete Synplicity-Spnplifp Altera S pecific
EMC_CRITICAL IC Synplicity-Spnplife Attributes
FIX_ALL Synplicity-Synplify Lucent 5 pecific
FIZED Synplicity-Synplity <iline Specific .
GROUP Hilins-Aliance XC3004/L Part/Met Flag Attributes
Filins-Aliance *C4000E Part/Met Flag Attributes
HARD_LOCATION _ : | ilirs-dliance 4000 Part/Met Flag Atibutes b
1| » [\Parts A Schematic Nets A Flat Mets A Pins A Tifiins-tliance ¥C5200 Part/Net Flag Atributes |3
Ready Filing-Aliance ¥C3500 Part/Met Flag Attributes

Part Properties Net Properties
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Netlist in With Properties

© ISRREBE 2RI EERTRPCB

S L
S4 o~ oz £ ¥R 2= MIE| Fasoo
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Place

by Room

© IKSCHREEZ EBEENTHEZEPCBRTHEZE
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Place by Room

* IKSCHEEZ REIEMNZTHEPCBREIEZE

SIEEIEA

Rectangle at -115.83.457.08 on subclass TOP_ROOM
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Netlist In And Crosslink

« Capture £ PCB Designer :
A {1 E & B & PCB LayoutfggyCross Highlight
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Differential Pair Setting

« f55 pYyDifferential Pairsgz &

: #  Assign Differential Pair
Miffaed L
TX_Ip |2 —
TX In l bapsme [ Diff Pairs
[ Diff Pair filter:”* | [ Auto Generste. . . |
. - — — - Wet 2 Electrical
o8 ¢@"= Allegro Constraint Manager (mnnectmm PCB Designer Professio... E@u ; il = ;;Da
& e ——————— e ————__ IFFER1-
E = Fle Edit Qbjects Column View Analyze Window Help cidence - 5 X |I DIFFERZ- HO
: iy L[ IE
:& I~ @ 2 R - & [:]tr 3@ %I
: Worksheet selector p = x= GRLah—diffI
¢ Eledrical |
& Electrical Constraint | | Objects Referenced Electrical CSet || |
w18 Routing
= Net * = * -
=8 Routing Dsn [g GRLab-diff ~
B Total Etch Lent| [ppr = DIFFERT 3
B Differential Pai| |net DIFFER1+
Net DIFFER1- 2
DPr [E] DIFFER2 Mt
Net DIFFER2+
Net DIFFER2-
DPr Y
DPe VI Hew Hame Add
DPr VP .
Net AB_CON Clear Modify
Net AVDD Clear Delete
Net BYSNC
] T b Net DCLK = 1 ] [ Hel
J  Physical Net DGND =25 =F
: Net FLASH_ALE
Spacin =
L¢ P Net FLASH_CE
[E=ame Net Spacing et FLASH CLE 1
2 Properies «[» [\ Total Etch Length ADill « [ ] b
s DRC Ignore length between Pit DRC  SYNC
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Differential Pair Check & Route

o H{EgYDifferential PairE#R 2

File Close Help

LISTING: 1 element(=s)

< SHAPE »
class CONSTRAINT REGION
subclass ALL

Shape i=s unfilled
Area: 0.260 (=g in)

Exterior boundary:
=egment j=xy (1014.00 5179 00) =v (1014 .00
=egnent (xy (1014.00 4899 00) =v (1944 00
segnent (xy (1944 .00 4899 00) =v (1944 00
=egment j=xy (1944 .00 5179 00) =v (1014 00

Hemnber of Groups:

REGION RGH1

=® Next Pattern

. Coupling Parameters

i ‘ H|:|]_'13|:|]'_|_tﬂl Prim. Gap | Prim. Width| MNeck Gap | Neck Width| (+)Tol. | (-)Tol

- . mil mil mil mil mil mil

= Vertical : : ’ : : :
000 5.00 0.00 5.00 000 0.00

— T

- Dmgnnal UP 5.00 5.00 0.00 5.00 0.00 0.00
5.00 5.00 0.00 5.00 .00 0.00

p—) Di&g':'nal ]:l|:|'|||||']'_|_ 5.00 5.00 & Worksheet selector g ~ x GRLab-diff
5.00 500 [Z  Eectical |
T 00 S 00 - Line Width Differential Pair

. o = ""@ Physical " Type Objects Min Min Line Spac| Primary Gap Neck Gap (#|Tolerance | (-)Tolerance
Epﬂcﬂlg . 5.00 500 | =i Physical Constrai mil mil mil mil mil mil
0.00 so0 | | - AllLayers E . . . . . .
0.00 cop | OB Net Dsn |7 GRLab-diff 5.00 0.00 0.00 0.00 0.00 0.00
0.00 00 LB Al Layers Rgn RGH1 3.00 3.00 3.00 0.00 0.00 0.00
: = =& Region
i[5 All Layers
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Delay Tune

« Delay TuneE #RIhgE

LIATING: 1 element(s)

< DRC EREOR =

Class: DEZ ERECE CLARE
Subclass: AT,
Origin zv: (e400. 000 2330, 000

CONSTELINT: Propagation Delay
CONSTEAINT ZET: PROPAGATION DELAY
CONSTEAINT TYPE: ATTREIBUTE

actual wvalue: 64,14 MIL

Constraint walue: ::1000 MIL:1500 MIL

Graser

Style
QM @ Accordion
= Trombone
— Sawtooth

Centered

Gap: 1% zpace -

Corners: a0 -

I Allows DRCz




Differential Pair Phase Tuning
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Route ~“Bus Route

© H{ERIBusEHIRINEE
* Bus B —figEMRERELUEE BArCERR

L

2

i’

Graser



Group Route Via Patterns




Gloss

* Line Smoothing

Eliminate

[]Bubbles
[ ]Jogs

[] Dangling lines

[v]:Mo-net dangling lines

<l

. Dangling Linez Report

o)X]

a4a | X = ?- Search: [Jbdatch word [ Match case
{ )
[ Dangling Line and ¥ia Report bl
{ )
{ Drawing : test_placeS 4laver_route.brd b
[ Software Version : 1551002 b
( Date/Time : Mon Jul 31 15:06:01 2004 bl
{ )
The location marked with a star (*) is dangling.

Dangling line on "Not a Net' TOP from *{1218.805 547 2433 to *(1330.706 547.243)
Via Dangling on "DAC_IP" {1366.1309 1636806

Via Dangling on "DAC_IN" {1366.139 1678 311

- & dangling wia is not a testpoint and has a single cline connection

Total dangling vias: 4
Total dangling lines: 1
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Placement Replication

« Support of metal (clines, vias, shapes)
« Alignment of group circuits

ties

Quick Utili

Mave

Rotate

Mirrar

Align modules .=||]:.
Disband group
Assign calar
Highlight

CQuick Utilities

Maowve

Rotate

Mirror

Flace replicate create
Flace replicate apply
Add to group

Show Rats

Blank Rats

Assign color
Highlight

Fix

Unfix

Froperty edit

Show element

3D View




Placement Replication

* Circuit Refresh “Update

Graser



3D Graphics

* Support multiple windows

* View micro vias, through hole vias and traces on different layers
* Pre-selection support

* View one net with HDI micro via breakout

shape Logic Place Route Analyze Manufacture Tools Help
: B FEAGEqEHoNE NegsBE
@i By D dE 00 iops fe X i




STEP File Mapping

# OrCAD PCB Designer Professional: full_mapped_boardbrd Project: C/2013_UserConf_Files/SPB_LAB !n - = @ ]

File Edit View Add Display Setup Shape Logic Place Route Analyze Manufacture Tools adlinkskil GraserWARE Help cadence
P did 0 % P AHAQQqHONE e 2B
B JuehRROC=® |~ icB L ® &0

¥
‘a8

L o x
<
cadence z
Ea
=
=
(E0]
o
r 5
2
g
: 4
1]
Ay
bal
2
iy
=
abg
©
2
 [E-*Enror set5kilPath: to many arguments (1 expected, 6 given) - [, Cr/pebeny C:/Cadence/SPE_1E B/share/local’pebi/skill C./Cadence/SPE_16.5/share/peb/ete o /pebeny™ tECA\Program Files (+BE]
« [\DownStieam Technalogies\\20144\BluePrint PCB 4.0 DocwWard.exe" 1 ... )
& | Dpening existing design..
5 | Dpening evisting desian..
£ | Girids are drawn 4.0840, 4.0540 apart for enhanced viewabiliy.
& |Command >
[idle [ Bssembly Top | 148530924560 | P[] [ Placementedt |  Off e o

Graser




Back Annotation

| —

PCE Editor Lanomt

(tenerate Feedback Files
PCE Editor Board File: allegro_test brd E]
Wetist allegra_test E]
Chatput File: alg_swrl E]
Back Annotation
Update Schematic [] ¥iew Onatput (2 WE) File

[@ or 2alg= ][@ PAGE1® T S(HEMATI_*]

[ Mew Row... ] [ Apply ] [Dieple_l,l...] [Delete F'reperty] Filter by: | Cadence-tllegra

A
CLK
CLOCK_NET
DIFFERENTIAL_PAIR DP_CLK
ECL -
ECL_TEMP
ELECTRICAL_CONSTRAINT_SET DIFF_2
EMC_CRITICAL_NET N
ID 339E

Graser

decesories  Reports ©

Snnotate...

Baclk Lnnotate...

Update Propeches...

e Property Changes
e Ref-des Changes

e Pin and Gate Swaps




One more thing...




New OrCAD PCB Designer Professional
Functionalities

/ High-speed constraints and routing \

— Relative propagation delay

—  Minimum / maximum propagation delay
— Net scheduling / T-points

— Differential Pair — static phase control

— Impedance constraint support : i
— High-speed constraint heads-up displays :

* Routing productivity
— Scribble route
— Contour routing

— Group routing — spacing / via controls
— Via arrays

OrCAD PCB Designer
Professional

uuuuuuuuuuu
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High-speed Constraint Support and
Routing

* High-speed memory (DDR), sophisticated serial interfaces (USB), and
more complex constraints (timing, impedance) creating new design
challenges.

* For example, high-speed memory might require complex constraints
such as :
— Relative Propagation Delay for the Data byte lane
* x-mils between all members

— Relative Propagation Delay for Address / Command / Control
« x-mils between Controller and T-Point
» Xx-mils between memory ICs and T-Point

— Propagation Delay

» Xx-mils between Memory ICs

— Differential Phase Tolerance
» x-mils for all Data Strobe and Clock Differential Pairs

Graser



Relative Propagation Delay

« Manage delay of matched groups between objects of different nets in
terms of length, percent of Manhattan length.

« Delta : Tolerance assigns a ‘target’ to object with longest Manhattan
length and can be reassigned if necessary.

E: Allegro Constraint Manager (connected to OrCAD PCB Designer Professional 16.69-2015) [A123] - [Electrical: Nets: Routing [busscope] ] l_l_‘ﬂ:'
Eile Edit Objects Column View Apalyze Audit Tools Window Help cadence - ° ¥
0B @ i - g 1o e T %4f] @ %Y GaThie.
: Worksheet selector 2 ox )
[# Eledilcl ] Relative Delay "
5 5 Electrical Constraint Set Oz E:iecfle_rel]cgdse Pin Pairs Scope Delta:Tolerance . Length Ly
outing = | 3 Name Tical t Actual Margin +/. il .
| —ype
S8 Net g g g g g g = g = g
=& Routing Dsn B A3 1.07 MIL
2 Wiring WGry CONFIG (8)
MGrp MG _DDRZ ADDR_V-RAM [48) 1.07 MIL
~ B Impedance PPr U29.M8:V/32.1 [DDRZ_A! Global __[0.00 MIL:30.00 MIL_|20.68 MIL |9.32 MIL |- |438.78 0.003490
& Min/Max Propagation Di| [ppr UZ8.M8:V32.1 [DDR2_A Global _ [0.00 MIL:30.00 MIL_[17.44 MIL [12.56 MIL |- [442.03 0.003490
& Total Etch Length PPr U28.M3:V29.1 [DDR2_A1 Global _ |0.00 MIL:30.00 MIL | 23.41TMIL 659 MIL |- |436.06 0.006740
B Differential Pair PPr U29.M3:V29.1 [DDR2_A1 Global  [0.00 MIL:30.00 MIL [21.53 MIL [8.47MIL |- [437.94 0.006740
B Relative Propagation De PPr U29.M7:V30.1 [DDR2_A2 Global  [0.00 MIL:30.00 MIL [15.63 MIL [14.37 MIL |- [443.84 0.006740
PPr U28.M7:V30.1 [DDR2_AZ Global _ [0.00 MIL:30.00 MIL__[18.82MIL [11.18 MIL |- [440.65 0.006740
PPr U28.N2:V34.1 [DDR2_A3] Global  [0.00 MIL:30.00 MIL [75.92MIL [4.08 MIL [+ [485.39 0.003490
PPr U29.N2:V34.1 [DDR2_A3] Global  [0.00 MIL:30.00 MIL [26.55MIL  [3.45MIL |+ |486.02 0.003490
PPr U29.N8:V37.1 [DDR2_A4] Global  [0.00 MIL:30.00 MIL [27.86 MIL |24 MIL |- [43161 0.003490
PPr U28.N8:V37.1 [DDR2_Ad] Global _ [0.00 MIL:30.00 MIL (2624 MIL [3.76 MIL |- [433.23 0.003430
PPr U28.N3:V35.1 [DDR2_A5] Global _ [0.00 MIL:30.00 MIL_[6.09 MIL _ [23.91 MIL [+ [465.56 0.003490
PPr U29.N3:V35.1 [DDR2_A5] Global  |0.00 MIL:30.00 MIL | 552 MIL | 2448 MIL |+ |464.99 0.003490
PPr U29.N7:V36.1 [DDR2_AB Global  [0.00 MIL:30.00 MIL [27.93MIL [2.07MIL |- [43154 0.003490
PPr U28.N7:V36.1 [DDR2_AB Global  [0.00 MIL:30.00 MIL [27.99MIL [2.01MIL |- [43148 0.003490
PPr U28.P2:V38.1 [DDR2_AT] Global _ [0.00 MIL:30.00 MIL_[Z7.44 MIL [2.56 MIL |- [432.03 0.003490
PPr U29.P2:V38.1 [DDR2_AT] Global _ [0.00 MIL:30.00 MIL [28.13MIL [1.87 MIL |- [431.34 0.003490
PPr U29.P8:V41.1 [DDR2_A3 Global  [0.00 MIL:30.00 MIL |28.93MIL [1.07 MIL |- [430.54 0.003490
PPr U28.P8:V41.1 [DDR2_A8 Global  [0.00 MIL:30.00 MIL [26.83MIL |37 MIL |- [43264 0.003490
PPr U29.P3:V39.1 [DDR2_A9] Global _ [0.00 MIL:30.00 MIL_[22.37 MIL [7.63MIL |- [437.10 0.006740
4 I | r | [PPr U28.P3:V39.1 [DDR2_A9] Global _ [0.00 MIL:30.00 MIL_[22.82 MIL_[7.18 MIL |- [436.65 0.006740
o Physical PPr U28.M2:V23.1 [DDR2_A10] Global | 0.00 MIL:30.00 MIL | TARGET 459.47 0.003490
. Spacing PPr U29.M2:V23.1 [DDR2_A10] Global  [0.00 MIL:30.00 MIL [1.42 MIL | 28.56 MIL 458.05 0.003490
= Same NetSpacing PPr U28.P7:V40.1 [DDR2_A11] Global  [0.00 MIL:30.00 MIL [17A5MIL [12.85MIL |- [44232 0.006740 -
E) Froperies « [+ [{ Total Etch Length £ Differential Pair } Relative Propagation Delay f—| < 1 | »
H DRC source: Pin Pair U28.P7.V40.1 (read only) DRC SYNC XNET
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Minimum_~Maximum Propagation
Delay

« Manage delay in terms of length, percent of Manhattan length pin-pairs
* DRC responds to both unrouted and routed conditions

- Evaluate timing rules at component placement stage

« Object selection will highlight and zoom-center in PCB

EE Allegro Constraint Manager (connected to OrCAD PCB Designer Professional 16.69-2015) [A123] - [Electrical: Nets: Routing [busscope] ] = g
ile Edit Objects Column View Analyze Audit Tools Window Help cadence ~ SR
oM @ if% - o s fie i T3] % T % R T
1 Worksheet selector L v x A123I
|E2 Eleci) ] Prop Delay Prop Dela -
55 Bleetrical Constraint Set Objects Referenced T i A = Hae)
Routing Type [5 Name Electrical CSet — Actual Margin — Actual Margin
5 Net = = = = = = = = = =
=& Routing Net DDR2_DQ7 DDR2 DQ_LANE
B Wiring Bus O DDR2 DQ LANE1(10)  |DDR2_DQ_LANE 115.35 MIL 51353 MIL
Net 5 DDR2 DM1 DDR2 DQ_LANE 156.21 MIL 3103 MIL
& Impedance PPr U13.AL23:RN43.6 0.00 MIL 499.19 MIL  [499.19 MIL_[1250.00 MIL | 499.19 MIL | 750.81 MIL
& Min/Max Propagation D¢ [ppr U13.AL23:U28.83 2500.00 MIL_|2656.21 MIL_[156.21 MIL _[3100.00 MIL | 2656.21 MIL [443.79 MIL
# Total Etch Length PPy U28.B3:RN50.6 0.00 MIL 239.70 ML [439.7 MIL __[750.00 MIL [ 439.70 MIL__[310.3 MIL
& Differential Pair Net 5 DDR2 DQS1 DDR2 DQ_LANE H 149.49 MIL X
B Relative Pr ion De| [BEL U13.AJ22:RN44.8 0.00 MIL 568.85 MIL |568.85 MIL | 1250.00 MIL | 568.85 MIL | 681.15 MIL
PPr U13.AJ22:U28.B7 2500.00 MIL | 2649.49 MIL | 149.49 MIL _|3100.00 MIL | 2649.49 MIL_|450.51 MIL
PPr U28.B7:RN55.8 0.00 MIL 126572 MIL_[1265.72 ML |750.00 MIL | 1265.72 MIL | -515.72 MIL
Net 5 DDR2 DQ8 DDR2 DQ_LANE 152.58 MIL 37.61 MIL
PPr U13.AJ23:RN43.1 0.00 MIL 54211 MIL [542.11 MIL_ [1250.00 MIL_|542.11 MIL | 707.89 MIL
PPr U13.AJ23:U28.C8 2500.00 MIL_|2652.58 MIL | 152.58 MIL | 3100.00 MIL | 2652.58 MIL | 447.42 MIL
PPr U28.C8:RN50.1 0.00 MIL T1Z39MIL [71239 ML |750.00 MIL (71239 MIL | 37.61 MIL
Net B DDR2 DQY DDR2 DQ_LANE 154.69 MIL 396.8 MIL
PPr U13.AK22:RN43.2 0.00 MIL 569.97 MIL [569.97 MIL | 1250.00 MIL | 569.97 MIL | 680.03 MIL
PPr U13.AK22:U28.C2 2500.00 MIL | 2654.69 MIL | 154.69 MIL | 3100.00 MIL | 2654.69 MIL | 44531 MIL
PPr U28.C2:RN50.2 0.00 MIL 353.20 MIL 750.00 MIL | 353.20 MIL
Net 5 DDR2 DQ10 DDR2 DQ_LANE
PPr U13.AGZ2:RN43.3 0.00 MIL 632.82 MIL 1250.00 MIL 617.18 MIL
PPr U13.AG22:U28.07 2500.00 MIL | 2660.10 MIL 3100.00 MIL_| 2660.10 MIL |439.9 MIL
PPr U28.D7:RN50.3 0.00 MIL 51812 MIL [518.12MIL |750.00 MIL 51842 MIL [ 231.88 MIL
< Il | v | [Wet 5 DDR2z DQ11 DDR2 DQ_LANE 121.08 MIL 54557 MIL
3 Physical PPr U13.AG23:RNA4.T 0.00 MIL 636.43 MIL [636.43 MIL_|1250.00 MIL_|638.43 MIL [ 611.57 MIL
ld Spading PPr U13.AG23:U28.D3 2500.00 MIL_|2621.08 MIL | 121.08 MIL _|3100.00 MIL | 2621.08 MIL | 478.92 MIL
E Same Net Spading PPr U28.D3:RN55.7 0.00 MIL | 129557 MIL_|1295.57 MIL | 750.00 MIL | 1295.57 MIL | 545.57 MIL -
=3 Properties « [ » \Wiring { AMin/Max Pr ion Delays { Total Etch Leng] « | il ] »
H DRC source: Pin Pair U28.D3:RN55.7 (read only) DRC SYNC XNET
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Net Scheduling,/ T-points

« Scheduling allows nets to be defined for a specific routing
path or pattern

* T-points are virtual points which defines a location nets
segments will start,”end

Graser W\



Differential Pair Static Phase Control

« Control matched length of differential pairs
 Phase is checked over entire net from driver to receiver

BE Allegro Constraint Manager (connected to OrCAD PCB Designer Professional 16.69-2015) [A123] - [Electrical: Nets: Routing [A123] ] E‘_u
File Edit Objects Column View Analyze Audit Tools Window Help cadence - Y
& %ol @i - e e (H[€ 4 % ] &= %Y Lathie,
2 Worksheet selector povx A123|
[£ Electrical | ~ —
- - N Uncoupled Length Static Phase Win Line B
& Electrical Constraint Set e Froationl Coet | Gather | Length ignored| _Wax | _Actual | Tolerance - Spacing | P
Routing Type | 5 Name Control mil mil | Margin | Actual | Margin il
G Net 0 0 < 0 < 0 0 T < T < 0 <
4 & Routing Bus QDRI_WDATA (18)
# Wiring Bus QDR2_ADDR (26) Sccccrermrememe==q
Bus SMA_CLOCK (1)
B Impedance DPr CLKe Include 410.00 15 mil ; 0.00 5.00 Running skew larger than 20 mi
E Min/Max Propagation D¢ [Dpr B DIFFPAIRD Include 380.00 15 mil 0.00 5.00 Neod 10 compersate witten 800 mils
B Total Etch Length Net Include 3680.00 15 mil 0.00 5.00
B Differential Pair Net include 380.00 15 mil 0.00 500
. DPr B DIFFPAIRT Include 566.00 15 mil 0.00 5.00
™ Relative P 1De| et E_PLL6_OUTON Include 566,00 18 mil 0.00 500
RePP. U13.A016:52.1 Include 0.00 566.00 15 mil 18.75 3750 H
Net U Include £66.00 A5 mil 0.00 500
RePP. U13.AK16:J53.1 Include 0.00 56600 [603.99 | 3799  |15mi ‘
DPr B DIFFPAIRZ include 260.00 15 mil 0.00 5.00
Net OSCB_CLK12 N Include 280.00 15 mil 0.00 500
Net 0SCB_CLK12_P Include 260.00 15 mil 0.00 5.00
DPr © DIFFPAIR3 Include 250.00 15 mil 0.00 5.00
Net 0SCB_CLK14_N Include 260.00 15 mil 0.00 500
Net OSCB_CLK14_P Include 25000 15 mil 0.00 500 i
DPr 5 DIFFPAIRA include 445.00 15 mil 0.00 5.00 .
Net OSCB_CLK5_N Include 500 15 mil 0.00 500 .
Net 0SCB_CLK5 P Include 44500 15 mil 0.00 500
DPr B DIFFPAIRS include 275.00 15 mil 0.00 5.00
< I | v | [Net OSCB_CLK6 N include 275.00 15 mil 0.00 500
£ Physical Net OSCB_CLK6_P Include 275.00 15 mil 0.00 5.00
e = DPr 5 DiMm_CK2 include 210.00 15 mil 0.00 5.00
= SraNcEaE Net DIMM_CK_N2 Include 270.00 15 mil 0.00 500 ~
B Properties 4 [ » [{ Total Etch Length ) Differential Pair }, Relative Propagation Delay / | < | n 3
L] DRC) Ignored length for an object (GATHER LENGTH IGNORED) (read only) DRC SYNC XNET
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High-speed Constraint Heads-up
Displays

* Real-time heads-up constraint display provides direct
feedback while tuning and editing high-speed constrained
nets as a guide to see when the nets are in (or out of)

compliance.

Active etch subclass:
m -
Net: E_Fe_Txcck
Gapinuss: 1200
Style
& )
~
€ Sawtooth
v Centered
Gap: 3 width
Comers: | Fullsre
DPTol -47.27
RDly -29.38
| I S E—
'
Fick ing. 2| Ocmd:  delay une
I3t p 7.00 738500
|5t pick: 10838.24 7365.91 P| _A]10902.00. 7132.00
Fick tuning end comer
Command > >

- T 1

[T Clip dangling clines

Srooth; I [t o I

i? Allow DRCs

DETol -2 933)
I T [ |
14 i

S e 2 T
iRDlgr —4.941 H
|
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Scribble Route

« Scribble is a simple routing mode that enables a drawn
path from source to destination.

« Scribble also has ability to navigate routed path through
pin pitches that require non-standard routing angles.

Off Angle Fit

Scribble Path Route Results

Graser’ Wi



OrCAD ERC/SRQ Check“ -




DRC/ERC]/...?

* 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.

Graser



Spacing Constraint Set

Reference Plane Spacing Clearance

( )

- EMI
* Impedance mismatch

Graser




Plane Crossing

- EMI

* Return current path

* Impedance mismatch
* Signal degradation

Graser



Parallelism on Adjacent Layers

 Crosstalk

Graser



Trace Spacing Distribution

 Crosstalk

Graser



Routing in Connector,/Breakout Area

Impedance mismatch

Crosstalk

Graser



GND Stitching Vias

-

\

H N M O
o (] (] (W] []

Gnd

OENE
ONCRCAD
HENE
OEmd
1000

E oktorm

Top =

GND stitching via is not necessary for
layer changing occurs on adjacent

(]
- - layers because they reference to the
o m same plane.
In3 (]

]
=

Return current path
« EMI
« Signal degradation
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Cline Length Matching (diff. pair)

(1 | - | )length < 5 mils

Common mode noise
EMI

Graser



General Rules for Differential Pair

Match‘

Preferred C\_
matchingd_

nedr
mismatch

o < 45 mil ()
ox

TX o Alternative
matching
(.

Vi placemend i in e fovaatTom & syems i)

Vi placemend ) gl iv sawe lecation’ s rmmctricld
—

Via Palsr

O
o

Preferred

=

Avoid

Graser

@ © Q0 . .

OTO e Side-by-side Best

© Q(C\ Adjacent w/ small
cooco serpentine Ok
°©oq@ Adjacent w/ bend Fair
o_l_§( ® ©

o Ste® Diagonal routing Fair
oo @

g

O Gnd stitching via

_A_

- v
—-."l_

—————

O

Common mode noise
* Return current path




General Rules for Differential Pair

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

::: These Segments of Trace are :::

Considered o be Part of the Fad

Avoid trace over anti-pad.

«  Skew
* Impedance mismatch
- EMI

Graser

Clearance near plane void.

Plane Void }

> 20 mils

o o ol




Test Point

Graser

Impedance mismatch
Signal reflection



What Are Signal and Power Integrity

Addressed Today

[} Reflection nOise (ringing) 4—»—Round Trip Time

— Impedance mismatch

_II_II_I

 Crosstalk noise

— Electromagnetic coupling between adjacent signal lines

200-mV signal s .

Quiet line farend 3

« Discontinuity of signal’'s current return path

— Layer transition or across split planes

signal

Trace

<«—— return

» signal

current
—_———




What Are Signal and Power Integrity
Addressed Today

* Interaction between the signal and power distribution systems

Vgnd T

— Termination +
) o
Signal current 2 R
= &
it
urnnn g i
Image current é ooh -
n 3 5 IRV - < 7
(Return current) I e T BN RN s = N
o 1 v 1 RN ~ N o
i i 2 { N NONLTAL S
Field propagation C B gi\\ A *\q/ \_/ AVE e
VRM + VRM - " 4 ~ - Resonan: ce \\/ \ /,
rel F

« Resonance on power,ground planes

N

System
Il
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Simulation and Design Rule Check

 All designs are supposed to be
100% covered by simulation
results.

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

* The rest of the customized part will
be covered by simulation.

« The DRC usually contains only Design Rule Check
the dimensions information,

such as length, width, distance,
spacing...etc.

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

Graser



About Sl — 1. RLGC Information

* 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?

Allegro PCB Design GXL (legacy): E6G000_A01_P001_0828_1517.brd Project: D:.../E6000_A01_P001_0828_1517 =l= x|
fle Edt View Add Display Setw Shape Llogic Place FlowPian Route Analyze Manufactre Tooks Help cadence
S—e— P T —— e — T T ———————— - -
(8N ieoro Consiramt anager (connted to Alleoro PCo Desion G egacy) 166) |6 i X 15
E i Fle Edt Chjects Coumn View Apalyze Audit Tools Window Help cadence -2 % H @ = @
= % 0B 9 i% 2| g A [Ie “@.
fal¥ogichestoslocior el Esuou,nuLPwLusza,lsnl
ﬁé g::::: { Tt Line Width Heck Uni+]
3 Min Max Min Width | _Max Length
. - Physical Constraint Set Type | 5] Name Physical Cset mil mil mil mil L EirseL]
B Alliayers g O g O = B n
[ T Net M_B_CK_DN3 WING.5-BDS/A _|6.50:6.00:8.00...[6.50:8.00:8.00... |0.00 [
- _B_CK_ 8.00... 0. lgnore
EHE Net Net W_B_CK_DPO WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
¥ : - B ’f” LD Net M_B_CK_DP1 WING 5-8DS/A |6.50:3.00:8.00_|6.50:8 00:8.00_ | 0.00 lgnore
E-& Region Net M_B_CK_DP2 WING 5-8D5/A  |6.50:8.00:8.00... |6.50:8.00:8.00___| 0.00 ignore.
Ay B A Layers let M_B_CK_DP3 WING.5-BDS/A_|6.50:8.00:8.00...[6.50:8.00:8.00...[0.00 Ignore
Net W_C_CK_DNO WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
)-l Net M_C_CK_DN1 WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
Net M_C_CK_DNZ WING 5-BDS/A_|6.50:8.00:8.00...6.50:6.00:8.00... | 0.00 lgnore
Net M_C_CK_DN3 WING 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00...| 0.00 lgnare
Net W_C_CK_DPO WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
Net M_C_CK_DP1 WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
Net M_C_CK_DP2 WING 5-BDS/A_|6.50:8.00:8.00...6.50:6.00:8.00... | 0.00 lgnore
Net W_C_CK_DP3 WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
Net M_D_CK_DNO WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
Ty Net M_D_CK_DN1 WING 5-8D5/A |6.50:8.00:8.00...|6.50:8.00:2.00...[0.00 ignore I I I I I I I I I I I I'fl““l I I I I I I I I .
L Net M_D_CK_DNZ WING 5-BDS/A_|6.50:8.00:8.00...6.50:6.00:8.00... | 0.00 lgnore
N Net W_D_CK_DN3 WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
Net M_D_CK_DPO WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
= Net M_D_CK_DP1 WING 5-BDS/A_|6.50:8.00:8.00...6.50:6.00:8.00... | 0.00 lgnore
Net W_D_CK_DP2 WING 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00...| 0.00 lgnare
abc Net W_D_CK_DP3 WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
© Net 6.50:8.00:8.00....|6.50:8.00:8.00... | 0.00 lgnore.
aby, Net 6.50:8.00.8.00...6.50.8.00:8.00... | 0.00 lgnore
Net WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
- Net WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
iq Net WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 Ignore.
Net WING 5-BDS/A_|6.50:8.00:8.00...6.50:6.00:8.00... | 0.00 lgnore
B Net WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
Net WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
B Net WING 5-BDS/A_|6.50:8.00:8.00...6.50:6.00:8.00... | 0.00 lgnore
Net WING 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00...| 0.00 ignare
LA Net WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
Net WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
m Net WING 5-BDS/A_|6.50:8.00:8.00...6.50:6.00:8.00... | 0.00 lgnore
Net WG 5-8DS/A_|6.50:8.00:8.00...|6.50:8.00:8.00... 0.00 ignare
ﬁ Net WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 lgnore.
Net _CK_I WINE 5-8D5/4  |6.50:8.00:8.00... |6.50:8.00:8.00... | 0.00 Ignore.
"\q NCls @ D3-CTRL_W6.5-8/A_PH (96) WING5-8/A |6.50.6.00:8.00...6.50:6.00:8.00...| 0.00
e NCls [ D3-DQS_W65-8D5IA_PH (216) WING.5-8D5/A_|6.50.8.00:8.00...|6.50:8.00:8.00... 0.00
P NCIs [ D3-DQ_W6.5-8/A_PH (432) WING.5-B/A 6.50:8.00:8.00..|6.50:8.00:8.00___ | 0.00
NCls [ EMIFLASH_WA4-4.5/A_PH (69) WINA45/A  |4.00:4.50:4.50...[4.00:4 50:4.50... 0.00
§| NCls [ FPGA-ADDCTRL_W4-4.5/A_PH(46) |WINAASIA  |4.00.450:450..4.00:450:450... 0.00
5L L¢ Spacing NCls [ FPGA-CLK_W3.84.4D8.2.9.1/A_PH (4) |WIN3.54.4D... |3.50.4.40:4.40..[3.80:440:4.40... 0.00
E Same Net Spacing NCIs 9.1/A_PH (4) | WIN3.8-4.4D. 3.80:4.40:4.40 .. |3.80:4 40:4.40... | 0.00
NCIs PG W44.5/A PH (20} WINA45/A |4.00:4.50:4.50..[4.00:4 50:4.50... 0.00 =
% = Properiies <Al T | ;IJ 1
51% s} DRC Physical Net Class: D3-DQ_W6. 5-8/A_PH T [swmc [ xer 4 o
‘ £ [t icke 985500 e530.00 z
& |Command > ~| =
3 |E
[id= [ T Battam (B I | T [ Geeaemt | OF
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About S|l — 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
following case:

T Rsis series R « R, and L, are mutual R and L;
+Leis series L they are not drawn.
+CgisshuntC - C, is “mutual” C

« Gz is shunt G « G, is “mutual’ G

Case 1: Case 2:

5mil 5mil

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

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

EBPESER i éouciiinoiog o i il Rights Hesceos



About S| - 2. Z0 and Xtalk

- Talk about impedance Zo, and 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...

) Signal
sn__gnal ) plane

o < Reference Reference
T u + plane plane
i +—— return !
Trace current

— =TS g
_o——F»..——>signal Jolwek

1. Coplarar reference

Q
@"°
N

1. Layer Transistion

1. Reference change
2. Cross plane split
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About S| - 2. 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

« The 3W rule may work well for the following structure:

i~15mil 5mil
<>
0 3.5mil

No DRC violation = No Xtalk issue

CrEBEDR" i i etinmions ot i it feser



About S| - 2. Z0 and Xtalk

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

N 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

Graser




The Gap between DRC and SI
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 a p Using Device Models

Layout/Board designer Sl engineer
Layout tools Simulation tools
Geometry domain (mil/mm) Electrical domain (mv, ps)

: I
Graser N
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Why You Need 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
quality issues

Graser
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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

e

Electrical Rules

Electrical Rules Checks ':—""*" Analysis

-S| Metrics
-Trace Impedance =
-Trace Return Path |
-Via Return Path
-Trace Coupling
-Net Coupling
-etc...

1 e o e
Rt

DRCs/ERCs

OrCAD PCB or Si
ML T Board Canvas




What is Sigrity ERC?

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

— Trace reference

—  Trace reference-aware impedance

—  Trace reference-aware coupling a

—  Differential pair routing phase

- # of vias and via locations, ....

—  Organized for easy Sl performance interpretation

— Practical for board level check (setup, simulation, report)
<Z2min 10-20min auto
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Sigrity ERC/SRC Checking FI

Window  Help

oW

cadence

> File Edit View Mode Setup Tools
UEH 9~ - | DO S v (@ Il b WP e » B & O &M@ E Al Enabled Net(:| v [@lI=[ %] | (& - = w0 o |[5] o ke K o H
w8 mmo=E g EM A Ea |~|.2 | ¥ iNet Group:|NG1_U100_U1 U |~|From:|u100 |~|Te:/ur | ~|Single Ended or Diff:[SingleE |~ | i # @ © @ @ @ [0 @@
@FHE®e&EAE &R
Workflow: SPEED GENERATOR (ERC_SRC) X | W OO O I e o o ~ Dlaenseleation X
Trace Imp/Cpl/Ref Check £ ol £ signalstor [
[# signalsL2_SIGNAL =
Layout Setup || signalsL3_sIGNAL ]
Load Layout File [# signalsL4_PWR/GND [m]
Check Stackup . [#] signal$L5_SIGNAL =
Prepare Nets B = ngna\$LrLSIGNAL ]
/ — [#) SignalsL7 PWR/GND [m]
Simulation Setup |, « DskF (F) » Workshop2015 # Sigrity » erc » e =
v 4 \ maE FiE
| Suren - s ERC
B RD i hu Desktop - DDR3_LRDIMM_SIMetri
.%E _| _. etrics
g DDR3_LRDIMM Trace
Sim M C M hicloud Box(e) ERC_DDR3_LRDIMM DataNG Trace
] . | - SRC_DDR3_LRDIMM_DataNG_SIMetrics
S I P - mpniE | Trace_Pad_Library
Res | § Subversion @ DDR3_LRDIMM
N ASC - 4 ERC_DDR3_LRDIMM_DataNG
] | ) o= & SRC_DDR3_LRDIMM_DataNG
ODB B =
5 BR
v A 1 »
able BESH(N): | DDR3_LRDIMM |v| [SPEED2000 Files (*spd,dxf,“bor |+ | SRC
Coplanar Reference Table | P — | ‘ o |
Impedance between 2 Components
Impedance Plot (collapsed) = ' N
Impedance Plot (expanded) W Sy sl
P p (®) Net Color () Layer Color

Impedance Table

Impedance Overlay in Layout

Misc\ellaneous‘ Mesh - Errors | VariablesCheck |

EEEE- e»N

Coupling between 2 Components

Ver15.0.3.05011 S002 (Trace impedence/couplina check)

Graser

| Output|Folder Browser |

. Mouselmm): X: 138.982. ¥: -21.865

@ Readv

Layer Selection| Net Manager |




ERC HTML Report

‘4,1 Netgroup NG1_J1_U0_U4

cadence

SPEED2000 TRACE IMPEDANCE/COUPLING CHECK REPORT

Date: 8:51 August 13, 2014

For SPB tech session

1 General information

1.1 Spd file name and location

SPDGEN wversion: 14.0.2.07112

File names and locations: %

----------------------------------------------------------------------- » Layout spd file

o D:/Backup/3_Training/TraceCK/movie/TraceCK_sim_NG/SODIMM_TraceCK.spd
» Trace check results file
D:/Backup/3_Training/TraceCK/movie/TraceCK_sim_NG/SODIMM_TraceCK_Trace/TraceCKResult_SODIMM_TraceCK_080414_ 142728 result.x
D:/Backup/3_Training/TraceCK/movie/TraceCK_sim_NG/SODIMM_TraceCK_Trace/SODIMM_TraceCK_ImpSum_080414_142728.csv
D:/Backup/3_Training/TraceCK/movie/TraceCK_sim_NG/SODIMM_TraceCK_Trace/SODIMM_TraceCK_ImpDetailed_080414_142728.csv
D:/Backup/3_Training/TraceCK/movie/TraceCK_sim_NG/SODIMM_TraceCK_Trace/SODIMM_TraceCK_CplSum_080414_142728.csv
D:/Backup/3_Training/TraceCK/movie/TraceCK_sim_NG/SODIMM_TraceCK_Trace/SODIMM_TraceCK_CplDetailed_080414_142728.csv
D:/Backup/3_Training/TraceCK/movie/TraceCK_sim_NG/SODIMM_TraceCK_Trace/SODIMM_TraceCK_UpperLowerRefSum 080414 142728.cs;

/4.1.1 From J1 To UO

'4.1.2 FromJ1To U4

0O 00000

/4.2 Net group NG1_J1_U0_U1_U2_U3_U4_U5_U6_U7

Graser




Trace Impedance Check

Visual plot

P3E_SLOT2_TX_C_DPD Impedance (Ohm)

P3E_SLOT2_T¥_C_DP1

Wl P3E_SLOT2_TX_C_DP2 a20f-I—-——-——- T T o RSB RN RSN ]
P3E_SLOT2_TX_C_DP3 | ' | :

71 P3E_SLOT2_TX_C_DP4 T | | i i i

» This check helps you to |dent|fy, .
— Wrong trace width spacing (diff. pair)

— Cross moat
Highly trace impedance

% I S AR R R S S Y S T
é ‘IEIH‘ SEIM 5é1 ?é? BE:M 1‘|I81 13I?8 15I?5
Length (rmil)
* Visually or tabular result for trace impedance check that shows trace
segments mismatch with target impedance. iy
N~
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OT2_TX_C_DP4

OT2_TX_C_DPO
OT2.T¥_C_DP1
OT2_TX_C_DP2
OT2_TX_C_DP3
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5
5
5
3
5

EEEEEEE

Cross Probing
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Ll o
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TN 0\ I TR 8
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" | =
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O ] S
Q B R L
2 1]z
m IR
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O S 00 L ®
Q. T o
O
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=
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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 | (Chm) (Ohm) (Chrm) (%)

1 PIESLOT2 TX C DND 1 3 2 144 946 56.449 56.449 92921 1633.158 0.233
2 PIESLOTZ TX CDN1 1 3 2 144.946 56,449 56.449 93.168 1583.722 0.225
3 PIESLOT2 TX C DNZ2 1 3 2 144.946 56.449 56.449 93,186 1575.168 0.224
4 PIESLOTZ TX. CDN3 1 3 2 153.005 63,836 63.836 93.074 1549678 0.220
5 PIESLOT2 TX. C DN4 1 1 2 63.836 63.836 63.836 94,228 1513121  0.214
@ PIESLOT2_TX_C DPD 1 3 2 144.946 56,449 56.449 92923 1633.643 0.233
7 PIESLOTZ TX. CDP1 1 3 2 144.946 56,449 56.449 93.221 1583.404 0.225
8 PIESLOT2 TX C DP2 1 3 2 144 946 56.449 56.449 93154 1574865 0.224
g PIESLOTZ_ TX. C DP3 1 3 2 153.005 63,836 63.836 93,059 1546.528 0.219
10 PIESLOT2. TX. C DP4 1 1 2 63.836 63.836 63.836 94,221 1511.225 0.214
11 PIESLOT3 . TX C DND 1 1 1 56.449 56,449 56.449 94,142 1490958 0.211
47 M C5 AT TW S Mk 4 A 4 T & & C& AAn T &AM La W N ) 4 A CETY 0.208
* Cross moat? o
0 0.225
* Any trace segment mismatch? Cross moat? 0214
0.203
+ Too much breakout neck length? —
. . 5 0.209
* Too much MS/SL routing difference in a group? 0217
0.210
The same trace length means the same trace delay? 0225
0.214
2 : 0.203
Routing on MS/SL has different trace delay. o
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Trace Coupling Check

« Cross probing helps to resolve
Issue intuitively

P3E_SLOT3_TX_C_DP4 Coupling Casfiicient  Coupling Coefficient Pl
| []Il P3E_SLOT3_TX_C_DPS
P3E_SLOT3_TX_C_DPé
012 !
|
|
|
0.1 1 r
|
0.08 +
I
|
0.06 | !
| | Trace398:P3E SLOT3 TX C DP5
: I~ 0.069
.-| It 21450 mm
oog - " rR o—1 Coupled: Trace296_Auto_2299:P3E_SLOT3_TX_C_DNS5
I. 1
| | I
002 f---—-€5 - e O — L :
I \ —
I I I
| | |
0 ~ -~ - R R Y —— PN U
0 10 2l 30 40
Length (mm)
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Trace Coupling Check

Met Met name Aggressor net with Max coupling | % length with = % length % length | Total coupling index (mm-%3)
count rmax coupling coefficient rmax 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 [ 0156% 45886 45836 2881
7 P3E_SLOT3_TX_C_DP1-P3E SLOT2 TX_C_DN1  P3ESLOT3_TX_C_DNO | 0147% 46.545 56715 3.440
8 P3E_SLOT3_TX_C_DP2-P3E SLOT3 TX C_DN2  P3ESLOT3.TX_C_DNL | 0.156% 42769 71.100 4.302
g P3E SLOT3 TX C DP3-P3E SLOT2 TX C DN2  P3E SLOT3 T C DN2 J 0.156% 55,397 60,345 3.541
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 T 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%)

Graser’ N



Trace Reference ChecK (including co-planar)

Trace Reference Plot (expanded)

B 0
Start curve 71 i o
|
[TDQ3 (crossdayer referenée}
[TDQ3 (coplanar reference)
N |
|
| NO_REF
[TDQ8 (crossdayer reference) D8
o
[TDQ8 (coplanar reference) DQ8
u]
5 | o
|
I
[TDQS (crossdayer reference) DA
: o
[TDQS (coplanar reference) DQS
44 : g | Il &0
i
[TDQSOB (crossdayer reference) DQSOB
. 5]
[TDQSDB (coplanar reference) DQSOB
3 ; B
i
[TDQSD (crossdayer reference) DQSD . VDD
o
[TDQSD (coplanar reference) DASD
o]
24 | =]
|
!
I:|]:I [TDQ5 (crossdayer reference)
| 1 | TDQ5 (coplanar reference)
1 T T T T T T T
0 79 157 236 315 3494 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
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What is Sigrity SRC?

- 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, S| performance metrics
Organized to easy Sl performance interpretation along with ER

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

Tx component

/T TX

active

<2min

~ 20min

quiet

quiet

All others quiet

Graser

Rx component

Tx component

auto

FEXT=2 (fext) "\

quiet

active

active

All others active

Rx component




Sl Channel Check

.

Tx RX

Vias coupling %

Vol eV IR

Decaps on board 7 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

Graser




SRC — Sl Metrics Check

Time-domain Waveforms

. . FEXT=2 (fext) "\

X X — N\
Tx component Rx component Tx component NEXT=2 (next) Y Rx component
active - quiet ‘@

quiet active
] 0
] 0
[} 1

quiet active E

L All others quiet = = L All others active =

T AT OULOE (VT
B RX/FEXT_UO_DQ2 (V12)
I RY/FEXT_U0_DQS (V13)
B RX/FEXT_UO_DQS6 (V14)
A Diff RX/FEXT_UD_DQS0p
A RX/FEXT_UO_DMO (V16)
EI RX/FEXT_U0_DQO (V17)
I RX/FEXT_UO_DQ3 (V18)
EI RX/FEXT_U0_DQA (V1)
B RX/FEXT_UO_DQT (v20)

SBLTX
BB TX/NEXT_J1RDQI (V1)
BB TX/NEXTJ1RDQ2 (V2)
B TX/NEXT_J1 RDQS (V3)
B TX/NEXT_J1 RDQS (V4)
A Diff_TX/NEXT_J1_RDQS0p,
B TX/NEXT_I1 RDMO (V&) | =
B TX/NEXT_I1 RDQO (v7)
B TX/NEXT_I1 RDQ3 (V8)
B TX/NEXT_J1_RDQ4 (V8)
BB TX/NEXT_1_RDQT (V10)

& B FEXT
EI Diff RX/FEXT_UD_DQS0p
I RX/FEXT_U0_DQ2 (V32)
I RX/FEXT_U0_DQS (V33)
E1 RX/FEXT_U0_DQS (V34)
3 RX/FEXT_UO_DMO (v35)
2 RX/FEXT_UO_DQO (V36)
L RX/FEXT_U0_DQ3 (v37)
2 RX/FEXT_U0_DQ4 (V38)
Bl RX/FEXT_U0_DQT (V39)
2 RX/FEXT_UO_DQ1 (V40)

& B2 NEXT
B2 Diff_TX/NEXT_I1_RDQSOp—| h s . '
BB TX/NEXT_I1RDQ2 (v22) H H H | H H H
BB TX/NEXT_I1_RDQS (vV23) 005 - bt ittt ittt ettt ittt Sl Attt Attt Mttt ittt el
E1B TX/NEXT_J1 RDQS (vV24) o 02 04 05 1] 1 12 14 85
E1I TX/NEXT_J1_RDMO (v25) Tine (o)

V26 —Y Ve Vi V16 va V26 )

4 4 —V2 —7 —vi2 —vi7 V22 V27 —va2

Loaded Curves ] —w —w —vi3 —vs Va3 V28 —va3
V4 va TV " V24 A7) ]
—V —v10 f— ] —va V25 Ve f— ]

Rx “Tx FEXT NEXT
waveforms




SRC — S| metrics check

X'waveform

XT wavefor

EXT (1) = fext(1)

2;'"
D
~

EXT () next. (1)

LN

MM

Graser

Sl Metrics

« Sl metrics are defined using magnitudes
of Rx and FEXT

5]
Int _sig :J; ‘Rx(z‘)‘dt
tl tmax
Int ISI = jo [Rx(t)|dt + j [Rx(t)|dt

Int _xtk =Y _[Ot‘“ | fext,(1)|dt
SN _difference = (Int _sig)—(Int _ISI)—(Int _xtk)

Int _sig
(Int _ISI)+(Int _xtk)

SN _ratio =

Where
t, and t, are starting and ending time for the received pulse (1 UI width)
1, 1S maximum time-domain simulation time




SRC — S| metrics check

Net-level Performance Ranking

Netname | INT_ Sig (V*ps) | INT_ISI (V*ps) | INT XTK (V*ps) | SN_difference (V*ps) | SN _ratio
DQ19 287.97 22.96 3.7 261.31 10.8029
DQ17 288.15 22.79 3.12 262.24 11.1223
DM2 286.52 2421 3.04 259.28 10.5156 .
DQS2_P 206.59 104.05 0 102.54 1.98541 é Ra n kl n g by S I
DQ20 286.71 23.94 3.14 259.63 10.5871 .
DQ21 2882 22.68 543 260.09 10.2522 M etrl C S
DQI6 286.51 2421 0 262.3 11.834
DQ22 286.46 24.06 1.6 260.8 11.1639
DQIS 286.47 24.12 0 262.34 11.8752
DQ23 286.65 24.13 7.81 254.71 8.97519

Netname | NEXT Vmax (mv) | NEXT Vmin (mv) | NEXT pk-2-pk (mv) | FEXT Vmax (mv) | FEXT Vmmn (mv) | FEXT pk-2-pk (mv)
DM1 0 0 0 0 0 0
DQ10 0 0 0 0 0 0 < R k . b
DQ11 0 4] 0 0 0 0 a n I n g y
DQS% 19 -18 37 14 -15 29
DQI2 17 -15 32 16 -16 32 Xtal k IeveIS
DQ8 2 -2 5 3 -3 6
DQl14 0 0 0 0 0 0

DQsi_P 0 0 0 0 0 0
DQ15 17 -16 33 13 -13 27
DQ13 19 -18 37 14 -14 29

Graser




SRC HTML Report

cadenc

Al

SPEED2000 SI Performance Metrics Check Report

this is a tutorial
Tx component | Mt nzme | Passive component | Nat nems | Passive component | Nat name | Rx componsnt (sctive) | Bx componant {stzndby) | Bx componsnt {notpopulsted) | FIR filtsr | Pulsa O3
- - uo DQag - - - - U4 - Hot populat=d \-'an(
1 General information = oo : : : : — - o— —
uo DQ30 - - - - 4 - Hot populated \-'1
1.1 Spd file name and location w | pesw - - - - u - Mot populates Wi
uo DQs3 P - - - - U4 - Hot populated oo e
SPDGEN version: 14.0.2.07112 o DO . . . . 4 R Not pogulztsd eadims
File names and locations: w paze . . . . kil - Hot populared i
uo DQ24 - - - - 4 - Not populatad ?
» Layout spd file uo D27 - - - - U4 - Not populatad -adB
o D:/Backup/3_Training/SIM/Movie/SIM_movie_sim/tut o DA _ _ _ _ s Not populated
o Sl metrics check results file 0 — i i i i L_4 N ot oomalaret
o D:/Backup/3 Training/SIM/Movie/SIM movie sim/tut] - e

WWN
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SRC HTML Report — Sort by Columns

« Click column title to sort by columns

4.2.6 NEXT/FEXT summary table for net group Data_U0 U4

Nzt neme | NEXT Vmax (mw) | NEXT Vmin {mv) | NEXT pk-2-pk (m) | FEXT Vmex\mv) | FEXT Vmin {mv) =~

27 38 38 76 34 50
D3 21 -20 41 20 -21 41
D22 18 -18 36 14 -14 10
DQ26 7 -7 14 12 -12 24
D30 7
D24 0
D31 0
D25 0

28 0

Graser



Sl Channel Check

.................................................................................................................................

Waoltage (V)

R

ey

084
n?......__...._.._..i....__
1
0.6 4
0.5 4
0.4 4
1 I 1 1 1
1 I | 1 1

Mg M Qi We e W

PIE_CPU_S4_RX_P<3> 014
PIE_CPU_S4_RX_N<3>

3
Time (ns)

PR T o ]

INT Sig INTISI INT XTK P-eye P-ratio
RX3w/void | 67.84 | 10459 | 512 | -41.87 | 062

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
impedance discontinuity and leads to
worse signal quality

Time [ns)

Graser



SRC Net-level View 2
ERC’s Segment-level View

 Layout SI macro view at net level

* All inclusive end results
« Shows what happened and its effect on
performance

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

* Individual segmented results
» Shows why low performance happened and how to fix it

Graser



ERC/SRC Applications (1)

ERC - SRC
- Sl simulation

Problems
found In
layout design

Graser

 To screen board and to identify worst
case for further analysis

 To investigate Sl impact of design rule
violations and trade-offs

To fix, or
What is the impact not to fix?
in mv&ps? If layout problems can be

quantified using mv/ps, it is
much easier to decide

N
1{& s, h



ERC/SRC Applications (2)

* To find out how to fix Sl problems
shown in SRC simulation

ERC ¢« SRC

How to fix them
in layout

If problems can be root

caused in layout, it is much
easier to fix

Problems found
How to fix it in layout? in SimU|atiOn
results

Graser



ERC/SRC Applications (3)

* To compare against ERC SRC

results with

— Known-good design

— Reference design

— Part of the design that has been fully analyzed

ERC screening & sign-off
SRC screening & sign-off

S| engineer : Layout designer :
Define Check for
ERC/SRC rules compliance

Graser N f.h‘ _



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 -------=====sesceeeemman e » Sl engineer
Layout tools ~  ----eeeeeeememimcceecee e » Simulation tools
Geometry domain (mil/mm)  -====eememmmm e » Electrical domain (mv, ps)

: NS
Graser W
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30 Years of Continued Investment
and Innovation

1985 — OrCAD started with original SDT schematic product
* 1995 — Acquired Massteck autorouting technology

* 1996 — Moved from private to public company with IPO

* 1997 — Acquired MicroSim (PSpice) circuit simulation technology
* 1999 — Cadence acquires OrCAD

« 2003 - Formalized worldwide channel partner program

« 2005 - Initiated OrCAD / Allegro integration strategies

« 2007 — Adopted Allegro PCB-based technology

* 2010 — Tcl-based open architecture for unique customization and apps
« 2014 - Launch of new OrCAD brand style and website

« 2015 — OrCAD 30t Anniversary

Graser



OrCAD 30t Anniversary ... 1985 — 2015
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