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Cadence Sigrity — Industry-leading Sli / Pl
Solution

* Product of choice for power
and signal integrity analysis
— Integration with full wave 3D EM
solver

« Layout-based frequency-
domain SlI / Pl simulation

— Highly accurate modeling of PCB
structures

« Single-ended and mixed-mode
results and post-processing

« Unique capabillity for ensuring
accuracy down to DC

» Targeted workflows to
streamline setup operations




Different SI / Pl / EMI Levels for Different Needs

e Simulations and analysis can be done at four levels

— Based on considerations of trace / via couplings,
non-ideal PDN, etc.

« Both layout-based and model-based analysis

Time
consuming

- Return path dismntinuit'f and DDR

Maybe time
consuming

- Coupled trace/via sim
- Crosstalk effects

ast &  Level-1 Sl Analysis Ideal
easy - Single line/pair sim PDN
- loss and reflection effects




Layout-based, Time-domain SI / Pl Simulation

« SPEED2000™ is industry’s only layout-based, time-

domain Sl / Pl solution

* Five workflows for SI / Pl analysis from level 1 to 3

Workflow 1
General Sl

Simulation

Workflow 2
Trace Impedance/

Workflow 3
S| Performance

Workflow 4
DDR Simulation

Workflow 5
Time-domain PDN

Mainstream Sl
L1/ 2 for fast sim

Easy to setup;
Sim runs fast

Waveforms &
measurements

Coupling Check

Geometry based

Trace impedance,
coupling &
reference check
for entire board or
net groups

Results tables;
Results plots;
Layout overlay;
Layout x-probing

Metrics Check

Simulation based
L 1/L2 for fast sim
L3 for non-ideal PDMN

Loss, reflection,
xtalk check,
typically by net
groups

Waveforms;
Xtalk v_max &
v_min

Layout-based
DDR simulation
L1/L2 for fast sim
L3 for 850

No s-parameter
model needed for
on-board DRAMs

Waveforms &
measurements

Simulation

Layout-based TD
PDN sim

PDN chip-pkg-
board co-sim with
-Voltus die mode
- XeitePl O modeal!
with die grid

Voltage / current
distributions:
dynamic noise
propagation
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Geometry- and Simulation-based Layout Checks

& S @ b :Net GroupiNG1_J1 U0 U1 U2 | = From:)1
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Coupling 7

overlay in": =

layout -
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Electrical Rules Checks

Geometry-based

Simulation-based

Micro, individual, segment-level view

Macro, combined net-level, view

( coupling %, Q2 & mm ) (mv&ps)
Options Options

Check all nets
Check selected nets
Check nets in net groups

Level-1 simulation
Level-2 simulation
Level-3 simulation

Results

Coupling coefficient
Impedance
Trace reference

Summary & detailed tables
Expanded & collapsed plots

Layout overlay
Layout cross probing
HTML report

Results

Waveforms: Tx / Rx [ NEXT / FEXT
v_min & v_max

S| performance metrics

HTML report

Rx component
tive &
quiet
]
]
] = N
quiet T
et
All others guiet
FexT=X (fext) -
R.vrom,oc.nen.'
—_— quiet
— active —I
& . []]
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Rx/Tx/FEXT/NEXT
waveforms
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S| Barriers for PCB Designers




Complex Flow for Simulation and Verification

BRD

MCM

Transistors [ LEF/DEF
model == 1.
1 Pwr Pin

L Pur
'y -
. Fro | SigPin,
Buffer| |Buffer
Y ¥ Cnd

clamp

4God Py

& / \
L nl

IBIS model . IO Model RLC model S Parameter

Conversion with | : _ Extraction With s Extaction with Extraction with
' XcitePl i PowerS|

_______

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

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

________

« Comprehensive Sl / Pl simulation and analysis relies on
experienced, well trained engineers with sophisticated tools
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Common Sl Analysis Needs to be Simple

* Reflections (ringing)
— Impedance mismatch

200-mV_signal

PAr
iy -
----------

Quiet line far end

e Return path discontinuity
— Layer transitions or plane split crosses

signal
_— —>
2 <
return u +
3 «—— return

—_— - signal




Simulation and Design Rule Check

* |deally, designs should be
100% driven and validated by
simulation

 Typically, pre-layout simulation
results drive design rules

« Only small portion covered )

by simulation Design Rule Check
« PCB DRCs usually contain
only dimension information
such as length, width,
distance, spacing, etc.

 \What do constraints / DRCs
forget to tell you?
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DRC Correct or Electrically Correct?

« Simple design rule checks for dimension will not validate
electrical characteristics

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

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

* Pre-layout simulation, defines a trace width to be 5 mils for

a target impedance
— The following routed trace results in no DRC violation

signal
—_— —>

EYCITE

<
return u -J|=

——>» ——> signal

<4—— return ¢
)| -

E= w n -

1. Layer Transition

1. Reference change
2. Cross plane split




DRC Correct or Electrically Correct?

Impedance mismatch 1 Impedance mismatch 3

Impedance mismatch 2 Ilmpedance mismatch 4

“ufly o

Radiation Radiation
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DRC Correct or Electrically Correct?

e To minimize crosstalk, many follow the ‘3W’ rule — set the
spacing between critical adjacent traces to 3 times the
width of the trace

— The following routed trace results in no DRC violation

15mil

‘3W’ rule works for the following structure

i~25mil  5mil
>
0 3.5mil

No DRC violation ™ No Xtalk issue
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DRC Correct or Electrically Correct?

« What if the stack-up looks like the following, will ‘3W’ rule
still work?

5mil 15mil 5mil
AT S—— g

35mil

$ 3.5mil
No DRC violation Still no Xtalk issue?

How do you know?
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DRC Correct or Electrically Correct?

- DRCs only validate MINIMUM, PHYSICAL | E=—r=—=]
requirements of design constraints =

» Do no DRCs mean a good, quality design? | ——= —_-5,—;‘|“

e Can PCB designers identify and T ———J ——
address signal quality issues? ol = |y,

How difficult is it to setup?
Is it easy to use?

ELc) (B T eiliin]  CLE|

Do | have to be an Sl expert?
Is it expensive?
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OrCAD Sigrity Technology for PCB
Designers




Electrical Rule Checks with OrCAD Sigrity ERC

 ERCs are better than DRCs for signal quality validation
— Go beyond MINIMUM, GEOMETRY-BASED constraint validation

e Easy to use, minimal setup
* PCB designers can identify and address signal quality issues




OrCAD Sigrity ERC (coming 2015/ 17.0 & QIRS)

* No complex modeling / setup required

e Electrical checks include
— Sl Metrics (Level 1 & Level 2)

— Differential Pair Serial Link Screening
— Trace impedance check

— Trace return path check
— Via return path check

— Trace coupling check

— Net coupling check

— Additional future checks

» OrCAD FloorPlanner

— Place and route edits only
— Cross-probe (pan / highlight / zoom) between analysis & layout

ccccccccccccccccccc



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

Net name. Na. of Mo. of trace. Me.  Maximum  Minimum

- Net ;
g "%—9 #® 7] /@ D Ecmt segments  reference of  Impedance Impedance Impedanc

without  discontinuties vias | (Cthm) (k) {Cahen)

- refesence
=) @ @ @ D @ 1 P3E_SLOT2_TX_C_OND 1 I A6 64D 56449
i @ PIESLOTZTXCONL 1 1 MASHE AN 560
PIE_SLOT2 TXCDMZ 1 F 564
PIE_SLOT2TX.C_DMD 1 2
PIE_SLOTZ TX CDNA 1 F
PIE_SLOT2 TX C DPO 1 2
PIESLOT2 TX CDP1L 1 2
- PIE_SLOT2 TX C.DP2 1 2
B o ERRRERRRRRERE PIESLOT2 TX C.DPT 1 2
: PIESLOT2 TX.C.DPA 1 2 511225
PIE_SLOTI_TX_C_DNO 1 14590.958
PIE_SLOTI_TX C DML 1 1869.543
]" 1 1525290
1477454
" 1577951

=:  BAENGd Trace Impedance

we o oo dd / return path

1505903

$af

@

B

ornetwith  Maxcoupling  %lengthwith | %length | %length | Total coupling index (mm-3)
pling coefficient  max coupling with with
coupling | coupling
coef >0.05  coef
0.001-0.05

P T2_TX_C_DP1 40183
b2 T%_c_DP2 43513
T2_TX_C_DNL 34387
T2_TX_C_DN2 15328
P3E_SLOT2_TX_C_DP4-P3E_SLOT2 TX_C_DN4  P3E_SLOT2.TX_C_DN3 15686
P3E_SLOT3_TX_C_DP0-P3E_SLOT3_TX_C_DNO  P3E_SLOT3_TX_C_DP1 45886
P3E_SLOT3_TX_C_DP1-P3E_SLOT3_TX_C_DN1  P3E_SLOT2_TX_C_DNO 56715
P3E_SLOT3_TX_C_DP2-P3E_SLOT3_TX_C_DN2  P3E_SLOT3_TX_C_DNI 71100
P3E_SLOT3 TX_C_DP3-P3E SLOT3 TX_C_DN3  P3E SLOT3_TX.C_DN2 60345
P3E_SLOT3 TX_C_DP4-P3E SLOT3 TX_C_DN4  P3E SLOT3_TX_C_DPS 68281
P3E_SLOT3_TX_C_DP5-P3E SLOT3 TX_C_DN5  P3E SLOT3_TX_C_DN4 71503
P3E_SLOT3 TX_C_DP6-P3E SLOT3 TX_C_DN6  P3E SLOT3.TX_C_DNS 62280
P3E SLOT3 TX_C_DP7-P3E SLOT3 TX_C DN7 -

Design modification

‘ f H ‘ l ‘ ‘ H ‘ ‘ ‘
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Trace Impedance Check

I S

P3E_SLOTZ2_TX_C_DPO Impedance (Ohm)
P3E SLOT2 TX_C_DP1

P3E SLOT2_TX_C_DP2 220 <‘>_JI. __________ JI __________ _1 ___________ :_ o RN - RN BN 3 B LITh | B IR am S R I A0 B | 01 B 2 | R (6 | B L
1 I | |
1 I | |

— Wrong trace width spacing (e.g. diff. pair)
— Plane split cross |
— Trace impedance variances

140 F- oo
I

' : ; : ' ' >
1 1 I I I 1 1 I
gy 3
1 1 I I I 1 1 I

0 197 394 5 787 954 118 1378 1575
Length (mil)

= Visually or tabular results for trace impedance check
shows trace segment(s) mismatch vs. target impedance
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Trace Impedance Check

A ——
|
|
|
|
.
-
|

CADENCE PCB SOLUTIONS

OrCAD

984

R31 787
Length (rmil)

394

197

]
|
|
|
|
|
T § T
| 1 l
| L I |
| 1 |
| 1 I
| 1 |
| 1 |
| 1 l
| 1 |
| 1 1 |
| 1 |
t-——=— t-———f—-t-————
| 1 L
| 1 |
| 1 |
| 1 |
| 1 |
| 1 |
I L X I
| 1 |
| 1 |
| 1 |
+ - 4-————ft-—t-———-
| 1 |
| 1 |
| 1 |
| 1 |
| 1 |
l 1 |
| 1 |
| 1 |
| 1 |
l 1 |
[ERS—— Ao
| 1 |
l 1 |
1 1 |
| 1 |
| 1 F
| 1 |
_AHU 1 F
| 1 |
| 1 |
| 1 |
Ao Ao
1 1 1
| 1 |
| 1 |
| 1 L I
| I 4
| 1 |
| 1 |
| 1 |
' 1 |
1 |
|||||||||| Y N DU, S D
(eI I ]
1 |
1 |
I 1 |
| 1 |
| 1 |
1 L I 1
1 L ] 1
| 1 |
| 1 [ I
| | |
T AIIIIﬁIA IIIII
| 1 3
| 1 |
| 1 P
| 1 |
| 1 |
| 1 |
| 1 L I
| 1 |
| 1 |
| 1 |
T-——=- ————r-t--—--
| 1 |
| 1 |
| 1 |
1 1 1
1 1 ﬂ 1
| 1 |
| 1 |
| 1 |
| 1 |
| 1 |
4 4-————- +-————-
i I I I 1 | | 1 |
[E] Il | | ] | | ] |
- T T T T T T T T
i} = = = = = = = =
sl o = oo (L= =T o = oo
1] o ol — — — — —
o
E

P3E_SLOT2_TX_C_DP1

P3E_SLOT2_TX_C_DP2

P3E_SLOTZ_TX_C_DP4

P3E_SLOTZ_TX_C_DPO

= Cross probing allows issues to be quickly identified



Trace Impedance Check

-y

Met
count

W o0 =] O kn Bl R

Met name

P3E_SLOT2_TX_C_DNO
P3E_SLOT2_TX_C_DN1
P3E_SLOT2_TX_C_DN2Z
P3E SLOT2_TX_C_DN2
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 SLOT2_TX_C_DNO

MO C ST TW e TR

Mo, of
segments
without
reference

S T e o e = =

Cross plane split?

Mo. of trace
reference
discontinuities

ST T T ™ ¥ N ¥ ¥ ¥ S R ¥ ¥ R ¥ [y ¥ [y W gy ¥

Mao.
of

vias

S L TR LS Y ST LN L A (S T LS I R ]

Maximurm
Impedance
(Ohm)

144.946
144.946
144.946
152.005
63.336

144.946
144.946
144.946
153.005
63.836

56.449

e man

Too much breakout neck length?

Minirmurm
Impedance
(Ohm)

56.449
56.449
56.449
63.836
63.836
56.449
56.449
56.449
63.836
63.836
56.449

Cc_aan

Dominant
Impedance
(Ohm)

56.449
56.449
56.449
63.836
63.336
56.449
56.449
56.449
63.836
63.836
56.449

e man

Routing on MS/SL has different trace delay.

Dominant
Irmp Length
(%a)

92.921
93.168
93.186
93.074
94,228
92.923
93.211
95.184
93.059
94.221
94.142

nnnnn

Any trace segment mismatch? Cross plane split?

Ca

Too much MS/SL routing difference in a group?

The same trace length means the same trace delay?

Trace total = Trace delay(ns)
length (rmil)
|
1633158 0.233
1583.722 0225
1575.168 0.224
1549678 0.220
1513121 0.214
1633643 0.233
1583.404 0.225
1574865 0.224
1546528 0.219
1511.225 0.214
1490958 0.211
A E=aa 0,208
0.217
0.209
0.225
0.214
0.203
0.212
0212
0.209
0.217
0.210
0.225
0.214
0.203
0212

OrCAD
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Trace Coupling Check

P3E_SLOT3_TX_C_DP4 Coupling Cosfiicient  Coupling Coefficient Pl
P3E_SLOT3_TX_C_DPS

P3E_SLOT3 TX_C_DPG :
D12+-------=—t
I I |
| |
| |
I i
n1+---———————-—- 1|- ———————————— T
|
| |
I i
008 +-----—-——--- k- +
| |
| |
|
| |
006 +--—----————-b-mm - | _
| | Trace398:P3E SLOT3 TX C DP5
| I~ 0.069
.-| 1| 21450 mm
oog 4" ru w1 Coupled: Trace296_Auto_2299:P3E_SLOT3_TX_C_DN5
I. 1
| | I
—t—abpy | —e :
ooz -5 - S O — e :
| | "
| | |
| | |
0 < - - Ny S S —— e PP
0 10 20 a0 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 rax coupling coefficient max coupling | with with
coupling coupling
coef »0.05 | coef
0.001~0.05

6 P3E_SLOT3_TX_C_DPO-P3E_SLOT2 TX_C_DNO P3ESLOT3 T C_DP1 [ 0.156% 45386 45336 2881

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

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

g P3E_SLOT3 TX C DP3-P3E SLOT3 TX C DN3__P3F SLOT3 T C DN2 | 0.156% 55,397 60,345 3541

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

012 3456 7
= Tight coupling pairs
= Max coupling aggressor

= Dangerous vs. safe coupling
218X (=2.81%/0.156%)
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Trace Reference Check

Trace Reference Plot (expanded)

0
Start curve 7 i o
|
[TDQ3 (crossayer referenée}
[TDQ32 (coplanar reference)
51 |
|
| NO_REF
[TDG8 (crossdayer reference) D8
o
[TDQ8 (coplanar reference) DQ8
O
5 . O
|
I
[TDQS (crossdayer reference) DQ3S
: o
[TDQS (coplanar reference) DQS
4 ; B
|
|
[TDQSOB (crossdayer reference) DQSOB
. [5]
[TDQSDB (coplanar reference) DQSOB
3 ; B
i
[TDQS0 (crossdayer reference) DQSD VDD
o
[TDQSD (coplanar reference) DASO
o]
2 i =]
|
!
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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Summary / Benefits

 ERCs are better than DRCs for signal quality validation
— ldentify issues geometry-based DRCs miss

« OrCAD Sigrity ERC specifically designed for PCB
designers leveraging industry-leading Cadence Sigrity
technology

— Easy to use, minimal setup
— Cross-probing

» Actionable results to identify and quickly address signal
guality issues
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